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ABSTRACT 



A sampling device of the suction effusion fluid that is good 
in sampling operation efficiency. This device includes a cell 
with a vacuum suction port and a skin suction port, a slide 
valve formed in the cell, and fluid reservoirs formed in the 
valve. The slide valve is movable in a plane approximately 
parallel to the skin surface. The slide valve opens or close s 
a communication path commu nicating the skin suction port 
with the vacuum suction por t Etch of the fl uid reservoirs is 
alternately communi cat ed with the skin suction port ana m e 
vacuum suction po rt through the com munication path by 
s liding movement or the slide - Valve . Ibach of the fluid 
reservoirs stores an effusion fluid acquired from the skin 
surface by vacuum suction through the skin suction port 
When the slide valve is located at a position where one of the 
fluid reservoirs is communicated with the skin suction port 
and the vacuum suction port, at least one of the remaining 
fluid reservoirs is exposed to the outside of the cell. The slide 
valve preferably has a rod or disk shape. 

13 Claims, 7 Drawing Sheets 
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SAMPLING DEVICE OF SUCTION 
EFFUSION FLUID 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a biochemical measuring 
device for clinical applications and more particularly, to a 
sampling device of Suction Effusion Fluid (SEF) for col- 
lecting an extremely small amount of a biomedical sub- 
stance or substances. 

2. Description of the Prior Art 

Conventionally, as a biomedical substance of this sort the 
blood sampled from a human body has been adopted. 
Constituent analysis of the sampled blood has been made by 
using a clinical or biochemical analyzer. 

However, there is the need for making some operations to 
separate the required constituents from the sampled blood 
and the blood sampling may cause invasion arid infection to 
the human body. 

Thus, based on the recent advance of the electronics 
technology, measuring techniques that use the SEF sampled 
from the skin surface of a human body instead of blood have 
been developed. Examples of the measuring techniques 
were reported in the Proceedings of the first Pan. Pacific 
Symposium, Vancouver. Canada, Jul. 23-27, 1986, pp. 
57-58 and the Proceedings of the Symposium on Chemical 
Sensors, PV87-9. 1987, pp. 327-333. 

The SB 7 is an extremely small amount of liquid that is 
obtained by vacuum suction through a part of the skin 
surface of an arm or other where the corneous layer is 
removed therefrom It has been considered that the SEF is 
an. interstitial fluid in the hypodermic tissue or a fluid 
filtered under vacuum through the walls of the capillary 
blood vessel. 

Because the SEF has a protein concentration lower than 
that of the blood, the amount of protein deposited onto the 
surface of a sensor in measurement can be reduced, provid- 
ing an advantage that the service life of the sensor can be 
prolonged. In addition, because the SEP is sampled 
transcutaneously, the measuring method using the SEF, 
unlike the conventional one involving blood collection, has 
been considered advantageous from the standpoints of 
reducing the pain given to the subject and preventing the 
infection with disease germs. 

FIG. 1 shows an example of the conventional SEF sam- 
pling devices. In FIG. 1. a conventional SEF sampling 
device 120 is equipped with a cell 121 made of a clear resin 
material As the clear resin material, polyvinyl chloride, 
acrylic resin, or other is used. The cell 121 is composed of 
a cylindrical lower part (ie„ a base) 121a and a cylindrical 
upper part (i.e.. head) 121*. The diameter of the head 121* 
is smaller man that of the base 121a. The head 121* is 
concentric with the base 121a. In other words, the base 121a 
and the head 121* are concentric with the vertical, central 
axis of the cell 121. 

A circular recess 128 serving as a sampling port is formed 
on the bottom surface of the base 121a. A communication 
path 123ois formed in the base 121a to be concentric with 
the central axis of the cell 121. A skin suction port 123 is 
formed on the bottom surface of the base 121a in the 
sampling port 128. The port 123 is formed by the bottom 
opening of the communication path 123a. 

A spacer 129 with fine meshes is attached to the base 121a 
in the recess or sampling port 128. The spacer 129 prevents 
the skinsurface 130 from being tightly contacted with the 
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skin suction port 123. The tight contact of the skin surface 
134 makes it difficult to sample the effusion fluid 131 in 
vacuum suction. 
The head 121* is provided with a circular hole 121c 
5 penetrating the head 12 1* in a direction perpendicular to the 
central axis of the cell 121 (i.e.. parallel to the skin surface 
130). 

A cylindrical slide valve 124 is inserted and fitted into the 
hole 121c to slide along the axis of the hole 121c. The valve 
to 124 has a communication path 141 extending along the 
central axis of the cell 121. 

The communication path 141 of the valve 124 is able to 
be connected to or disconnected from the communication 
path 123 (i.e.. the skin suction port 123) of the base 121 a 
15 by linear sliding movement of the valve 124. Specifically, 
when the valve 124 is located at a position where the two 
paths 123a and 124 are overlapped with each other, the two 
paths 123a and 124 are connected to each other. When the 
valve 124 is not located at this point, the communication 
20 path 141 is disconnected from the communication path 123. 
The valve 124 has two circular channels at each side of 
the communication path 141. Two O-rings 126 and 127 are 
fitted into the channels, respectively. Thus, the valve 124 is 
incorporated airtightly in the cell 121 by means of the 
25 O-rings 126 and 127. 

Two handles 143 are attached to the both ends of the valve 

124, respectively. The ends of the handles 143 are protruded 
from the hole 121c on the opposite sides. The valve 124 may 
be slid in the hole 121c by pressing any one of the handles 

30 143 along the central axis of the hole 121c. The valve 124 
is movable between the points where the outer ends of the 
two handles 143 are contacted with the head 121*. 

A cylindrical fluid reservoir 125 for storing an effusion 
fluid 131 therein is formed in the upper part of the head 
121*. The reservoir 125 is located over the slide valve 124. 
The top of the reservoir 125 is opened on the top end of the 
head 121*. The reservoir 125 is communicated with the 
penetrating hole 121c through a communication path 125a. 
The reservoir 125 and the path 125a are located on the 

40 central axis of the cell 121. The communication path 125a 
and the fluid reservoir 125 are able to be connected to or 
disconnected from the communication path 141 of the valve 
124 by sliding movement of the valve 124 along the skin 
surface 130. specifically, when the valve 124 is located at the 
position where the paths 141 and 123a are overlapped with 
each other, the path 125a and the reservoir 125 are con- 
nected to the path 141. When the valve 124 is not located at 
this point the path 125a and the reservoir 125 are discon- 
nected from the path 141. 

A circular channel is formed on the top end of the head 
121* to surround the reservoir 125. An O-rings 143 is fitted 
into the channel. 

A circular cover 142 having a circular recess in the bottom 

55 is attached onto the top of the head 121*. The recess of the 
cover 142 is fitted into the head 121*. The cover 142 maybe 
incorporated airtightly through the O-ring 143. 

The cover 142 has a communication path 122a formed to 
be concentric with the central axis of the cell 121. The path 

60 122a is communicated with the underlying fluid reservoir 

125. A vacuum suction port 122 is formed on the top of the 
cover by the top opening of the path 122a. 

Next, the sampling method of the effusion fluid 131 with 
the use of the SEF sampling device 120 shown in FIG. 1 will 
65 be described. 

First an adhesive tape 132 is applied onto the annular area 
of the bottom of the base 121a around the sampling port 128. 
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Then, the surface of the adhesive tape 132 is applied to the valve is used for opening or closing a communication path 
skin surface 139 of an arm or other of a human body. communicating the skin suction port with the vacuum sue- 
Thereafter, one (here, a left-hand side one) of me handles tion P 011 
143 is pushed along the skin surface 13« to slide the valve ^ A" 1 * reservoirs are formed in the slide valve. Each of 
124 until the corresponding handle 143 is contacted with the * the fluid reservoirs is alternately conimunicated with the 
opposing area of the head 121b. At this point the commu- skio suction P 0 * ^ vacuum suction port through the 
nication path 141 of the valve 124 is connected to the skin communication path by sliding movement of the slide valve, 
suction port 123 through the communication path 123a. At Each of the fluid reservoirs is used for storing an effusion 
the same time, the communication path 141 is connected to f^d acquired from the skin surface by vacuum suctioo 
the vacuum suction port 22 through the communication path 10 through the skin suction port 

125*. the fluid reservoir 125, and the communication path When the slide valve is located at a position where one of 

H2a, the fluid reservoirs is communicated with the skin suction 

Further, the vacuum suction port 122 is connected to a P°« *e vacuum suction port at least one of fce 

vacuum pump (not shown) to thereby evacuate the inside of rem ^ fluid » to * c outsldc of thc 

the cell 121, i.e., the reservoir 125 and the communication 13 cclL 

paths 123a, 141. 125a, and 122*. Tims, the effusion fluid With the sampling device according to the present 

131 is sampled from or taken out of the skin surface 130. invention, the slide valve has the fluid reservoirs. Each of die 

The fluid 131 is stored in the fluid reservoir 125 through me fluid reservoirs is alternately communicated wife the skin 

skin suction port 123 and the communication paths 123a. ^ suction port and Uae vacuum suction port through , the com- 

141 and 125a raunication path by sliding movement of the slide valve. 

. , ttU . . cnw4 Also, when the slide valve is located at a position where one 

Some odiei : examples ; o P the sampling device of this sort ^ fa ^^^cated with ^ skm suctioQ 

were disclosed id such the aoaiments « *e apanese mc ^ &{ ^ m of fte 

^f*"^ W ModcJ J ubl i CaUon 2- 107 pub- fluid reservoirs is ajoUd to the outside of the 

lished in 1990. the Japanese Non-Examined Utility Model w /^l 

Publication No. 2-2648 published in 1990. the Japanese z* r . . .... 

Non-Examined Utility Model Publication No. 2-20510 pnb- TTZS? £ ^ tT 

Ushed in 1990. and me Japanese Non-Examined Patent ««"•" 1"S 

Publication No. 4-253850 pubUshed in 1992. The conven- iwavom exposed to me ouUide of the cell with *e use of 

tional sampling devices disposed in these documents are not „ » «r«her. If only te shde valve is moved. Tim 

provideZitoa slide valve, which is different from the 30 ™*« * good open«»> n dBaency of the sampling, 

present invention 111 a(Wltl0Q * hecause each of the fluid reservoirs is alter- 

. . .. . . nateiy communicated with the skin suction port and the 

The above^scribed conventional SEF sampling device vacuum suction ^ ^ movement of the slide valve, 

shown in FIG. 1 has some problems: ^ ^ of ue fluid rcscr voirs is able to be replaced with 

A tint problem is that the operation efficiency in taking 35 whilc me condition is maintained. Further, 

out the effusion fluid 131 stored in the fluid reservoir 125 is whik ^ fluid stored in the at least one of the fluid 

low. The reason is as follows. reservoirs exposed to the outside of the cell is taken out 

To take cut the effusion fluid 131 from the reservoir 125, therefrom, the effusion fluid can be suction-sampled with the 

it is required to close the slide valve 124 for releasing the use 0 f another one of said fluid reservoirs, 

vacuum in the reservoir 125 and then, to open the cover 142. 40 Thus, continuous or successive sampling of the effusion 

Further, after taking out the fluid 131 from the reservoir 125. fluid ^ ^ performed without releasing the vacuum of the 

it is required for the next sampling process to close the cover vacuum suction port 

142 before evacuating the fluid reservoir 125, and to open Preferably, the slide valve is translatable along a straight 
the valve 124. line in the plane. In this case, it is preferred that the slide 

A second problem is that the effusion fluid 131 cannot be 45 Ya i vc nas a rod-like shape, and that the straight line is the 

sampled from the skin surface 130 successively. This is longitudinal axis of the shape. 

because the vacuum must be released before taking out the j^. va j vc ( s preferably turnable around an axis in the 

effusion fluid 131 stored in the reservoir 125. planc jji ^5 ^sc. ft i s preferred that the slide valve has a 

SUMMARY OF THE INVENTION 50 •*> toat * c shaft '* located * * e of 

the shape. 

Accordingly, an object of the present invention is to ^ a preferred embodiment according to the present 

provide a sampling device of the suction effusion fluid that invention, the shde valve has check valves for preventing the 

is good in sampling operation efficiency. effusion fluid stored in the corresponding fluid reservoirs 

Another object of the present invention is to provide a 55 from back-flowing toward the skin suction port The check 

sampling device of the suction effusion fluid that is capable valves are located at bottoms of the corresponding fluid 

of successive sampling operation of the suction effusion reservoirs, respectively. 

fluid without releasing the vacuum of a vacuum suction port jji another preferred embodiment according to the present 

A sampling device of the suction effusion fluid according invention, the slide valve has detachable cartridges. The 

to the present invention includes a cell, a slide valve, and 50 fluid reservoirs are formed in the cartridges, respectively, so 

fluid reservoirs. that the fluid reservoirs are detachable from the slide valve. 

The ceU has a vacuum suction port and a skin suction port In still another preferred embodiment according to the 

The vacuum suction port is designed to be connected to a present invention, the slide valve has the above-described 

vacuum source on operation. The skin suction port is detachable cartridges and the above-described check valves. 

designed to be opposite to a skin surface on operation. 65 The check valves are located at bottoms of the correspond- 

The slide valve is formed in the cell to be movable in a ing fluid reservoirs, and are detachable from the shde valve 

plane approximately parallel to the skin surface. The slide together with the corresponding cartridges, respectively. 
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Id a further preferred embodiment according to the FIG. 12 is a cross-sectional view of a sampling device of 

present invention, a valve for opening and closing the the sucti on effusion fluid according to an eighth embodiment 

communication path communicating the skin suction port of the present invention, which shows the same cross section 

with the vacuum suction port is further provided. The valve as that of FIG. 6. 

is driven to be interlocked with sliding movement of the 5 

slide valve. DETAILED DESOUFTION OF THE 

_ _ a _ _^ ~ - PREFERRED EMBODIMENTS 

In this case, it is preferred mat the valve opens the rx^c^v*^ w 

communication path when each of the fluid reservoirs is Preferred embodiments of the present invention will be 

communicated with the skin suction port and the vacuum described below referring to the drawings attached, 

suction port, and the valve closes the communication path 10 

when none of the fluid reservoirs is communicated with the FIRST EMBODIMENT 

skin suction port and the vacuum suction port A sampling device of the SEF according to a first embodi- 

Ih a still further preferred embodiment according to the ment ^ shown in FIGS. 2. 3, and 4. 

present invention, a first valve for opening and closing the The SEp sampling 20 according to the first 

skm suction port and a second valve for orxnmgand closing cmbodimcnt ^sl^ 21 made of a clear resin material. As 

the vacuum suction port are further provided The first and ^ deaf resiB polyvinyl chloride, acrylic resin, or 

second valves are driven to be interlocked with sliding omef ^ uscd 

movement of the slide valve. M „ ' . . , . . . . , 

_ ...... . . . The cell 21 is composed of a base 21a with a shape of a 

In this case, it is preferred that the first and second valves M ^ a ^ d 21b with a shapc of a rec tangular 

open ttie communication path when each of the fluid reser- ^ 2la md mc hcad 2 \b are formed to 

voirs is communicated with the skin suction port and the £ intc ^idw ith each other. The size or dimension of the 

vacuum suction port, and the first and second valves close ^ * fa fflf smallcr ^ me of me basc 21fl . 

the commumcadon^pam when none of the fluid reservoirs is ^ ^ ^ js concCDtric ^ ^ ^ ^ ^ 

communicated with the skin suction port and the vacuum 2$ words . ^ basc 21fl md me ^ad 21* are concentric with the 

suction port vertical, central common axis of the cell 21. 

BRIEF DESCRIPTION OF THE DRAWINGS A circular recess 28 serving as a sampling port is formed 

on the bottom surface of the base 21a. A communication 

In order that the present invention maybe readily carried pam 23ais formed in the base 21a to extend on the central 

into effect, it will now he described with reference to the 30 ^ D f the cell 21. A skin suction port 23 is formed on the 

accompanying drawings. bottom surface of the base 21a in the sampling port 28. The 

FIG. 1 is a cross-sectional view of a conventional san> port 23 is formed by the bottom opening of the communi- 

pling device of the suction effusion fluid. cation path 23a. 

FIG. 2 is a plan view of a sampling device of the suction A spacer 29 with fine meshes is attached to the base 21a 

effusion fluid according to a first embodiment of the present 55 in the recess or sampling port 28. The spacer 29 prevents the 

invention. skin surface 30 from being tightly contacted with the skin 

HG. 3 is a cross-sectional view along the line HI— HI in suction port 23. The tight contact of the skin surface 30 

HQ 2. makes it difficult to sample the effusion fluid 31 in vacuum 

FIG. 4 is a cross-sectional view along the line IV— IV in 40 SU ^ 0n ; J ^, . _ J . . , . , _ 

pjQ 2. The head 21* is provided with a rectangular hole 21c 

' . c . . c . u penetrating the head 21* in a direction perpendicular to the 

FIG. 5 is a Plan view of a sampling deviceof the suction £^ ^ ^ ^ mc ^ 21. A sUdeTalve 24 with a 

effusion fluid according to a second embodiment of the rectangular ejection (Le.. with a plate-like shape) is 

present invention. inserted and fitted into the hole 21c to linearly slide along the 

FIG. 6 is a cross- sectional view along the line VI— VI in 45 ^ of ^ e nolc 2 i c . 

RG - 5 ' The valve 24 has first and second cylindrical fluid reser- 

FIG. 7 is a cross-sectional view of a sampling device of voirs 2Sa and 2Sb for storing an effusion fluid 131. The two 

the suction effusion fluid according to a third embodiment of reservoirs 25a and 25* are laterally apart from each other in 

the present invention, which shows the same cross section as ^ t valve 24. The tops of the reservoirs 25a and 25* are 

that of FIG. 3. opened on the top end of the valve 24. 

FIG. 8 is a cross -sectional view of a sampling device of The valve 24 further has first and second communication 

the suction effusion fluid according to a fourth embodiment 58a and 38* located beneath the first and second 

of the present invention, which shows the same cross section reservoirs 25a and 25*. respectively. The first path 38a is 

as that of FIG. 6. 55 concentric with and communicated with the first reservoir 

FIG. 9 is a cross -sectional view of a sampling device of 25a. The second path 38* is concentric with and commu- 

the suction effusion fluid according to a fifth embodiment of nicated with (he second reservoir 25*. 

the present invention, which shows the same cross section as A communication path 22a is formed in the upper part of 

that of FIG. 3. the head 21* to be concentric with the common central axis 

FIG. 10 is a cross-sectional view of a sampling device of $o of the cell 21. The bottom end of the path 22a is coramu- 

the suction effusion fluid according to a sixth embodiment of nicated with the hole 21c. The top end of the path 22a is 

the present invention, which shows the same cross section as opened on the top surface of the head 21*. and forms a 

that of FIG. 6. vacuum suction port 22. The communication path 22a and 

FIG. 11 is a cross-section ai view of a sampling device of the vacuum suction port 22 are located right over the 

the suction effusion fluid according to a seventh embodiment 65 communication path 23a and the skin suction port 23. In 

of the present invention, which shows the same cross section other words, the paths 22a and 23a and the ports 22 and 23 

as that of FIG. 3. are concentric with the central common axis of the cell 121. 
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A circular channel is formed in the lower, internal wall 
surface of the hole 21c for the valve 24. This channel is 
concentric with the communication path 23a. An O-ring 27 
is fitted into the channel, and exposed to the hole 21c. The 
O-ring 27 has a function of sealing airtightly the gap 
between the slide 24 and the base 21a. 

Another circular channel is formed in the upper, internal 
wall surface of the hole 21c This channel is also concentric 
with the communication path 23a. An O-ring 26 is fitted into 
the channel, and exposed to the hole 21c. The O-ring 26 has 
a function of sealing airtightly the gap between the slide 24 
and the head lib. 

The first and second reservoirs 25a and 2Sb and the first 
and second communication paths 38a and 3Sb of the valve 
24 are able to be alternately connected to or disconnected 
from the communication path 23a (Le., the skin suction port 
23) of the base 21a and the cornmunication path 22a (Le., the 
vacuum suction port 22) of the head 21b by linear sliding 
movement of the valve 24. 

Specifically, when the valve 24 is located at a first position 
where the two paths 23a and 38a are overlapped with each 
other, as shown in FIG. 3. the first reservoir 25a and the first 
communication path 38a are connected to the communica- 
tion paths 23a and 22a. When the valve 24 is located at a 
second position where the two paths 23a and 386 are 
overlapped with each other, the second reservoir 256 and the 
second cornmunication path 386 are connected to the paths 
23a and 22a. When the valve 24 is not located at the first and 
second points, both of the first and second reservoirs 25a and 
256 are disconnected from the paths 23a and 22a. 

As shown in FIGS. 2 and 3. when the slide valve 24 is 
located at the first point, the second fluid reservoir 256 is 
exposed to the outside of the cell 21. This position of the 
second reservoir 256 is a first position for sampling with a 
syringe or other. 

On the other hand, when the slide valve 24 is located at 
the second point the first fluid reservoir 25a is exposed to 
the outside of the cell 21. This position of the first reservoir 
25a is a second position for sampling with a syringe or other. 

Next, the sampling method of the effusion fluid 31 with 
the use of the SEF sampling device 20 according to the first 
embodiment of FIGS. 2. 3, and 4 will be described. 

First, an adhesive tape 32 is applied onto the annular area 
of the bottom of the base 21a around the sampling port 28. 
Then, the surface of the adhesive tape 32 is applied to the 
skin surface 30 of an arm or other. 

Thereafter, as shown in FIGS. 2 and 3, the slide valve 24 
is linearly slid in a direction perpendicular to the central axis 
of the cell 21 to the first position where the first fluid 
reservoir 25a is communicated with the vacuum suction port 
22 and the skin suction port 23. At this time, the second fluid 
reservoir 256 is exposed to the outside of the cell 21, being 
ready for sampling with a syringe or other. 

Then, the vacuum suction port 22 is connected to a 
vacuum pump (not shown) to thereby evacuate the inside of 
the cell 21, Le.. the first reservoir 25a, the first communi- 
cation path 38a, and the communication paths 23a and 25a. 
Thus, the effusion fluid 31 is sampled from or taken out of 
the skin surface 30. The fluid 31 is stored in the first fluid 
reservoir 25 through the skin suction port 23 and the 
communication paths 23a and 38a. 

In this state, while the insides of the vacuum suction port 
22 and the skin suction port 23 being kept airtight in the 
evacuated condition with the O-rings 26 and 27, the slide 
valve 24 is linearly slid in the direction perpendicular to the 
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central axis of the cell 21 to the second position where the 
second fluid reservoir 256 is communicated with the vacuum 
suction port 22 and the skin suction port 23. At this time, the 
first fluid reservoir 25a is moved to the position where it is 
5 exposed to the outside of the cell 21. allowing the effusion 
fluid 31 stored in it to be sampled with a syringe or other. 

At the same time, the second fluid reservoir 256 is 
immediately evacuated, and storing the effusion fluid 31 in 
the second fluid reservoir 256 is started. 
10 By repeating this cycle of operation, the effusion fluid 31 
can be successively sampled without releasing the vacuum. 

With the SEF sampling device 20 according to the first 
ernbodiment. the slide valve 24 has the first and second fluid 
reservoirs 25a and 256. Each of the fluid reservoirs 25a and 
15 256 is alternately communicated with the skin suction port 
23 and the vacuum suction port 22 through the communi- 
cation paths 23a, 38a, 22a by linear sliding movement of the 
slide valve 24. 

Also, when the slide valve 24 is located at the first 
20 position where the first reservoir 25a is communicated with 
the skin suction port 22 and the vacuum suction port 23, the 
second reservoir 256 is exposed to the outside of the cell 21. 

Therefore, an operator or user of the device 20 can readily 
access the effusion fluid 31 stored in the first or second fluid 
reservoirs 25a or 256 exposed to the outside of the cell 21 
With the use af a syringe or other, if only the slide valve 24 
is moved. This results in good operation efficiency of the 
sampling. 

In addition, because each of the first and second fluid 
reservoirs 25a and 256 is alternately communicated with the 
skin suction part 22 and the vacuum suction port 23 by 
sliding movement of the slide valve 24. any one of the fluid 
reservoirs 25a and 256 is able to be replaced w ith another 
35 while the airtight condition is maintained. 

Further, while the effusion fluid 31 stored in the first or 
second fluid reservoir 25a and 2Sb exposed to the outside of 
the cell 21 is taken out therefrom, the effusion fluid 31 can 
he suction-sampled with the use of the second or first fluid 

44 reservoir 2556 or 25a. 

Thus, successive sampling of the effusion fluid 31 can be 
performed without releasing the vacuum of the vacuum 
suction port 22. 

In the device 20 according to the first embodiment, the 

45 two fluid reservoirs 25a and 256 are internally provided in 
the slide valve 24. However, it is needless to say that the 
number of fluid reservoirs may be three or more. 

It is sufficient that when the slide valve 24 is slid to the 
position where any one of fluid reservoirs is communicated 
50 with the vacuum suction pert 22 and the skin suction port 23. 
at least one of the remaining fluid reservoirs is exposed to 
the outside of the cell 21. 

SECOND EMBODIMENT 

55 A sampling device of the SEF according to a second 
ernbodiment is shown in FIGS. 5 and 6. 

The SEF sampling device 20A according to the second 
ernbodiment has the same configuration as that according to 
the first embodiment of FIGS. 2. 3 and 4. except for the 

60 configurations of the cell and the slide valve. Therefore, for 
the sake of simplification of description, the explanation 
about the same configuration is omitted here by adding the 
same reference numerals to the corresponding elements or 
components having the same functions as those in the first 

65 ernbodiment. 

In FIGS. 5 and 6, a slide valve 24A has a disk-like 
geometry, and is equipped with the first and second fluid 
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reservoirs 25a and 25b therein. The reservoirs 25a and 256 
are located at an equal distance or radius from the center of 
the valve 24A. and are in the opposite sides to the center 
thereof. 

A cell 21A is integrally formed by a base 21Aa and a head 5 
21Ab. The base 2lAa has a disc-like shape, which is the 
same as that of the first ernbodiment. However, unlike the 
first embodiment, the base 21Aa has a upward protruding 
shaft 33 for engaging the disk- shaped slide valve 24A and 
allowing the valve 24A to be turned around the shaft 33. io 

The head 21 Ab has a shape of a rectangular parallelepiped 
which is similar to that of the first embodiment. However, 
the head 21Ab has a groove 21 Ac into which the disk- 
shaped slide valve 24A is inserted. As shown in FIG. 5. the 
slide valve 24A is able to be slid and turned around the shaft 15 
33 along an arrow 52. 

The first and second reservoirs 25a and 256 and the first 
and second communication paths 38a and 386 of the valve 
24A are able to be alternately connected to or disconnected 
from the skin suction port 23 of the base 21Aa and the 20 
vacuum suction port 22 of the head 21Ab by circular sliding 
movement of the valve 24A around the shaft 33. 

Specifically, when the valve 24A is located at a first 
position where the two paths 23a and 38a are overlapped 
with each other, as shown in FIG. 6, the first reservoir 25a 25 
and the first communication path 38a are connected to the 
communication paths 23a and 22a. When the valve 24 is 
located at a second position where the two paths 23a and 38b 
are overlapped with each other, the second reservoir 2Sb and 
the second communication path 386 are connected to the 30 
paths 23a and 22a. When the valve 24A is not located at the 
first and second points, both of the first and second reser- 
voirs 25a and 25b are disconnected from the paths 23a and 
22a. 

As shown in FIGS. 5 and 6. when the slide valve 24A is 
located at the first point, the second fluid reservoir 2Sb is 
exposed to the outside of the cell 21 A. This position of the 
second reservoir 25b is a first position for sampling with a 
syringe or other. ^ 

On the other hand, when the slide valve 24A is located at 
the second point, the first fluid reservoir 25a is exposed to 
the outside of the cell 21. This position of the first reservoir 
25a is a second position for sampling with a syringe or other. 

Next, the sampling method of the effusion fluid 31 with 45 
the use of the SEF sampling device 20A according to the 
second embodiment of FIGS. 5 and 6 will be described 
below. 

First, an adhesive tape 32 is applied onto the annular area 
of the bottom of the base 2lAa around the sampling port 28. 50 
Then, the surface of the adhesive tape 32 is applied to the 
skin surface 30 of an arm or other. 

Thereafter, as shown in FIGS. 5 and 6, the slide valve 24A 
is circularly slid by 180° in a plane perpendicular to the 
central axis of the cell 21A to the first position where the first 55 
fluid reservoir 25a is communicated with the vacuum suc- 
tion port 22 and the skin suction port 23. At this time, the 
second fluid reservoir 256 is exposed to the outside of the 
cell 2 1 A, being ready for sampling with a syringe or other. 

Then, the vacuum suction port 22 is connected to a 60 
vacuum pump (not shown) to thereby evacuate the inside of 
the cell 21A. Le.. the first reservoir 25a. the first commu- 
nication path 38a. and the communication paths 23a and 
25a. Thus, the effusion fluid 31 is sampled from or taken out 
of the skin surface 30. The fluid 31 is stored in the first fluid 65 
reservoir 25 through the skin suction port 23 and the 
communication paths 23a and 38a. 
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In this state, while the insides of the vacuum suction port 
22 and the skin suction port 23 being kept airtight in the 
evacuated condition with the O-rings 26 and 27. the slide 
valve 24A is circularly slid in the plane perpendicular to the 
central axis of the cell 21A to the second position where the 
second fluid reservoir 256 is communicated with the vacuum 
suction port 22 and the skin suction port 23. At this time, the 
first fluid reservoir 25a is moved to the position where it is 
exposed to the outside of the cell 21A. allowing the effusion 
fluid 31 stored in it to be sampled with a syringe or other. 

At the same time, the second fluid reservoir 256 is 
immediately evacuated, and storing the effusion fluid 31 in 
the second fluid reservoir 256 is started. 

By repeating this cycle of operation, the effusion fluid 31 
can be successively sampled without releasing the vacuum. 

With the SEF sampling device 20A according to the 
second embodiment, each of the first and second fluid 
reservoirs 25a and 256 is alternately communicated with the 
skin suction port 23 and the vacuum suction port 22 through 
the communication paths 23a. 38a. 22a by circular sliding 
movement of the disc-shaped slide valve 24A. 

Also, when the slide valve 24A is located at the first 
position where the first reservoir 25a is communicated with 
the skin suction port 22 and the vacuum suction port 23. the 
second reservoir 256 is exposed to the outside of the cell 
21A. 

Therefore, an operator or user of the device 20 can readily 
access the effusion fluid 31 stored in the first or second fluid 
reservoirs 25a or 256 exposed to the outside of the cell 21A 
with the use of a syringe or other, if only the slide valve 24A 
is moved. This results in good operation efficiency of the 
sampling. 

In addition, because each of the first and second fluid 
reservoirs 25a and 256 is alternately communicated with the 
skin suction port 22 and the vacuum suction port 23 by 
sliding movement of the slide valve 24A, any one of the fluid 
reservoirs 25a and 256 is able to be replaced with another 
while the airtight condition is maintained 

Further, while the effusion fluid 31 stored in the first or 
second fluid reservoir 25a and 256 exposed to the outside of 
the cell 21Ais taken out therefrom, the effusion fluid 31 can 
be suction-sampled with the use of the second or first fluid 
reservoir 256 or 25a. 

Thus, successive or continuous sampling of the effusion 
fluid 31 can be performed without releasing the vacuum of 
the vacuum suction port 22. 

In the second embodiment also, it is needless to say that 
the number of fluid reservoirs may be three or more. 

THIRD EMBODIMENT 

A sampling device of the SEF according to a third 
embodiment is shown in FIG. 7. 

The SEF sampling device 20B according to the third 
ernbodiment has the same configuration as that according to 
the first ernbodiment of FIGS. 2, 3 and 4. except that first and 
second check valves 34a and 346 are additionally provided 
in the valve 24. Therefore, for the sake of simplification of 
description, the explanation about the same configuration is 
omitted here by adding the same reference numerals to the 
corresponding elements or components having the same 
functions as those in the first embodiment. 

As shown in FIG. 7, the first and second check valves 34a 
and 346 are located at me bottoms of the first and second 
fluid reservoirs 25a and 256. respectively. The valves 34a 
and 346 are opened when the insides of the first and second 
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fluid reservoirs 25a and 256 are evacuated, and closed when 
the vacuum is released, respectively. The first and second 
check valves 34a and 346 have a function of positively 
preventing the effusion fluid 31 from back-flowing when the 
effusion fluid 31 stored in the first and second fluid reser- 
voirs 25a and 256 is moved to the positions for sampling 
with a syringe or other, respectively. 

Therefore, in addition to the advantages in the first 
embodiment, the sampling device 20B has an additional 
advantage that the effusion fluid 31 stored in the first and 
second fluid reservoirs 25a and 25b is prevented from 
back-flowing at the first and second sampling positions. 

FOURTH EMBODIMENT 

A sampling device of the SEF according to a fourth 
embodiment is shown in FIG. 8. 

The SEF sampling device 20C according to the fourth 
embodiment has the same configuration as that according to 
the second embodiment of FIGS. 5 and 6. except that first 
and second check valve 34a and 34b are additionally pro- 
vided in the turn able, circular valve 24A Therefore, for the 
sake of simplification of description, the explanation about 
the same configuration is omitted here by adding the same 
reference numerals to the corresponding elements or com- 
ponents having the same functions as those in the second 
embodiment. 

As shown in FIG. 8, the first and second check valves 34a 
and Mb are located at the bottoms of the first and second 
fluid reservoirs 25a and 25 b, respectively 

The function and advantage of the valves 34a and Mb are 
the same as those of the third embodiment of FIG. 7. 
respectively, and therefore, the explanation about the check 
valves 34a and Mb is omitted here. 

FIFTH EMBODIMENT 

A sampling device of the SEF according to a fifth embodi- 
ment is shown in FIG. 9. 

The SEF sampling device 20D according to the fifth 
embodiment has the same configuration as that according to 
the first embodiment of FIGS. 2, 3 and 4» except that first and 
second detachable cartridges 35a and 35b are additionally 
provided in two holes of the valve 24, and that the first and 
second cartridges 35a and 356 have the first and second 
reservoirs 25a and 25b and first and second check valves 34a 
and 346, respectively. The check valves 34a and 346 are 
located at the bottoms of the reservoirs 25a and 256 in the 
cartridges 35a and 356, respectively. 

Therefore, the explanation about the same configuration is 
omitted here by adding the same reference numerals to the 
corresponding elements or components having the same 
functions as those in the first embodiment 

In the sampling device according to the fifth embodiment, 
there arises an additional advantage that the need for use of 
a syringe or other is eliminated by detaching and replacing 
the cartridge 35a or 356 storing the effusion fluid 31 with a 
new one when it is moved to the first or second sampling 
positions. 

Further, there arises another additional advantage that the 
constituents of the sampled effusion fluid 31 are able to be 
determined by loading the cartridge 35a or 356 including the 
effusion fluid 31 in a measuring system (not shown). 

SIXTH EMBODIMENT 

A sampling device of the SEF according to a sixth 
embodiment is shown in FIG. 10. 
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The SEF sampling device 20E according to the sixth 
embodiment has the same configuration as that according to 
the second ernbodiment of FIGS. 5 and 6. except that first 
and second detachable cartridges 35a and 356 are addition- 

5 ally provided in the disc-shaped valve 24 A. and that the first 
and second cartridges 35a and 356 have the first and second 
reservoirs 25a and 256 and first and second check valves 34a 
and 346. respectively. The check valves 34a and 346 are 
located at the bottoms of the reservoirs 25a and 256 in the 

to cartridges 35a and 356. respectively. 

Therefore, the explanation about the same configuration is 
omitted here by adding the same reference numerals to the 
corresponding elements or components having the same 
functions as those in the second embodiment. 

15 In the sampling device according to the sixth 
embodiment, there arises the same additional advantages as 
those in the fifth embodiment 

SEVENTH EMBODIMENT 

20 

A sampling device of the SEF according to a seventh 

embodiment is shown in FIG. 11. 
The SEF sampling device 20F according to the seventh 

embodiment has the same configuration as that according to 
23 the fifth ernbodiment of FIG. 9, except that first and second 

on-off valves 36 and 37 that open and dose the vacuum 

suction port 22 and the skin suction port 23. respectively. 

The valves 36 and 37 are operated to be interlocked with the 

linear sliding movement of the rod-shaped slide valve 24. 
30 This interlock may be realized by a known mechanical or 

electrical linkage mechanism (not shown). 
Therefore, the explanation about the same configuration is 

omitted here by adding the same reference numerals to the 

corresponding elements or components having the same 
35 functions as those in the fifth embodiment. 

The first on-off valve 36 is fixed in the communication 

path 23a of the base 21a to open and dose the path 23a 

communicated with the skin suction port 23. The second 

on-off valve 37 is fixed in the communication path 22a of the 
40 head 216 to open and dose the path 22a communicated with 

the vacuum suction port 22. 
When the first or second fluid reservoir 25a or 256 is 

moved to the first or second position where it can be 

communicated with the vacuum suction port 22 and the skin 
43 suction port 23. the first and second on-off valves 36 and 37 

are opened. As a result, the fluid reservoir 25a or 256 is 

communicated with the vacuum suction port 22 and the skin 

suction port 23. 
M When the slide valve 24 is linearly moved to any position 

other than the first and second positions, the first and second 

on-off valves 36 and 37 are closed. 
Thus, there arises an additional advantage that the airtight 

condition during switching over from the cartridge 35a to 
55 356 or vice versa can be positivdy maintained in the seventh 

ernbodiment. 

EIGHTH EMBODIMENT 

A sampling device of the SEF according to an eighth 
60 embodiment is shown in FIG. 12. 

The SEF sampling device 20G according to the eighth 
embodiment has the same configuration as that according to 
the sixth embodiment of FIG. 10, except mat first and second 
on-off valves 36 and 37 that open and dose the vacuum 
65 suction port 22 and the skin suction port 23, respectively. 
The valves 36 and 37 are operated to be interlocked with the 
linear sliding movement of the disk-shaped slide valve 24A. 
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This interlock may be realized by a known mechanical or 
electrical linkage mechanism (not shown). 

Therefore, the explanation about (he same configuration is 
omitted here by adding the same reference numerals to the 
corresponding elements or components having the same 5 
functions as those in the sixth embodiment 

Since the function of the first and second on -off valves 36 
and 37 are the same as that of the seventh embodiment no 
explanation is stated here again. iQ 

An additional advantage obtained in the eighth embodi- 
ment is the same as that of the seventh embodiment and 
therefore, the description is omitted. 

The present invention is not limited to the abovede scribed 
embodiments. For example, the geometry of the slide valve 15 
is not limited to the rod- and disk-shaped ones. Any other 
geometry may be adopted, if wore man one fluid rcservoir 
is provided in the slide valve. 

While the preferred forms of the present invention have 
been described, it is to be understood that modifications will 20 
be apparent to those skilled in the art without departing from 
the spirit of the invention. The scope of the invention, 
therefore, is to be determined solely by the following claims. 

What is claimed is: 

1. A sampling device of a suction effusion fluid including: 25 

(a) a cell having a vacuum suction port and a skin suction 
port; 

said vacuum suction port being designed to be con- 
nected to a vacuum source on operation: 

said skin suction port being designed to be opposite to 30 
a skin surface on operation; 

(b) a slide valve formed in said cell to be movable In a 
plane approximately parallel to said skin surface; 
said slide valve being used for opening or closing a 

communication path communicating said skin sue- 33 
tion port with said vacuum suction port without 
releasing the vacuum source of said vacuum suction 
port to mai ntain an airtight condition; and 

(c) a plurality of fluid reservoirs formed in said slide w 
valve; 

each of said fluid reservoirs being alternately commu- 
nicated with said skin suction port and said vacuum 
suction port through said communication path by 
sliding movement of said slide valve; 45 

each of said fluid reservoirs being used for storing an 
effusion fluid acquired from said skin surface by 
vacuum suction through said skin suction port; 

wherein said fluid reservoirs are formed in said slide 
valve; and ^ 

wherein when said slide valve is located at a position 
where one of said fluid reservoirs is communicated 
with said skin suction port and said vacuum suction 
port at least one of said remaining fluid reservoirs is 
exposed to the outside of the cell. J5 

2. A device as claimed in claim 1. wherein said slide valve 
is translatable along a straight line in said plane. 

3. A device as claimed in claim 2. wherein said slide valve 
has a rod-like shape; 

and wherein said straight line is a longitudinal axis of said & 
shape. 

4. A device as claimed in claim 1. wherein said slide valve 
is turnable around an axis in said plane. 

5. A device as claimed in claim 4, wherein said slide valve 
has a disk-like shape; 65 

and wherein said shaft is located at the center of said 
shape. 



6. A device as claimed in claim 1. wherein said slide valve 
has check valves for preventing said effusion fluid stored in 
said corresponding fluid reservoirs from back-flowing 
toward said skin suction port; 

and wherein said check valves are located at bottoms of 
said corresponding fluid reservoirs, respectively. 

7. A device as claimed In claim 1. wherein said slide valve 
has detachable cartridges; 

and wherein said fluid reservoirs are formed in said 
cartridges, respectively, so that said fluid reservoirs are 
detachable from said slide valve. 

8. A device as claimed in claim 1. wherein said slide valve 
has detachable cartridges; 

and wherein said fluid reservoirs are formed in said 
corresponding cartridges, respectively, so that said fluid 
reservoirs are detachable from said slide valve; 

and wherein each of said cartridges has a check valve for 
preventing said effusion fluid stored in a corresponding 
one of said fluid reservoirs from flowing toward said 
skin suction port; 

and wherein said check valves are located at bottoms of 
said corresponding fluid reservoirs, respectively; 

and wherein said check valves are detachable from said 
slide valve together with said corresponding cartridges, 
respectively. 

9. A device as claimed in claim 1. further comprising a 
valve for opening and closing said communication path 
communicating said skin suction port with said vacuum 
suction port; 

said valve is driven to be interlocked with sliding move- 
ment of said slide valve. 

10. A device as claimed in claim 9. wherein said valve 
opens said communication path when each of said fluid 
reservoirs is communicated with said skin suction port and 
said vacuum suction port; 

and wherein said valve closes said communication path 
when none of said fluid reservoirs is cornmunicated 
with said skin suction port and said vacuum suction 
port. 

11. A device as claimed in claim 1. further comprising: 
a first valve for opening and closing said skin suction port; 

and 

a second valve for opening and closing said vacuum 
suction port; 

wherein said first and second valves are driven to be 
interlocked with sliding movement of said slide valve. 

12. A device as claimed in claim 11, wherein said first and 
second valves open said communication path when each of 
said fluid reservoirs is communicated with said skin suction 
port and said vacuum suction port; 

and wherein said first and second valves close said 
communication path when none of said fluid reservoirs 
is communicated with said skin suction port and said 
vacuum suction port 

13. A sampling device of a suction effusion fluid includ- 
ing: 

(a) a cell having a vacuum suction port and a skin suction 
port; 

said vacuum suction port being designed to be con- 
nected to a vacuum source on operation; 

said skin suction pert being designed to be opposite to 
a skin surface on operation; 

(b) a plurality fluid reservoir formed in said cell to be 
communicated with said skin suction port and said 
vacuum suction port; 
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said fluid reservoir being used for storing an effusion 
fluid acquired from said skin surface by vacuum 
suction through said stdn suction port; and 
(c) a slide valve formed in said cell to be movable in a 

plane approximately parallel to said skin surface: 

said slide valve being used for opening or closing a path 
communicating said skin suction port with said 
vacuum, suction port; 

characterizing in that 

said slide valve has fluid reservoirs; 
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each of said fluid reservoirs is alternately commu- 
nicated with said skin suction port and said 
vacuum suction port through said path; and 

when said slide valve is located at a position where 
any one of said fluid reservoirs is communicated 
to said skin suction port and said vacuum suction 
port at least one of said remaining fluid reservoirs 
is exposed to the outside of said cell. 

***** 
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